INTRODUCTION
In recent years, statistical aspects of structural vibration induced by earthquake excitation have received considerable attention of many researchers.
A majority of these statistical works, however, has only dealt with structures with linear restoring force1).
To evaluate the reliability of structures during earthquakes, it is considered essential to investigate statistical characteristics of the response of structures with hysteretic restoring forces, since most structures show weak or strong yielding behavior in strong earthquakes.
However, from the reason that the principle of superposition (Duhamel's integral) cannot be applied to nonlinear structures, it is generally very difficult to make theoretical analysis of their earthquake response.
As an exact analytical method, we have the Fokker-Planck equation2).
But at the present stage, it is applicable only to the stationary response subjected to white noise excitation3).
It is also of great significance in the investigation of earthquake response to consider the frequency characteristics and the nonstationarity of the excitation, since most of the strong earthquake motions have the predominant frequency4) and the structures start to vibrate from the static state. We cannot discuss these important characteristics of the excitation and of the response by the solution of the Fokker-Planck equation at the present stage.
On the other hand, the numerical methods such as a step by step integration of the equation of motion on a digital computer have a great applicability for any kind of hysteresis and for any kind of excitation5).
However these methods consume a lot of time for the calculation of many samples. Moreover we have to consider additional ruling parameters due to hysteretic characteristics of the structures. Therefore, accumulation of a great amount of samples seems to be needed for each parameters to make theoretical statements about the earthquake response characteristics of nonlinear hysteretic structures by the numerical methods.
To overcome these difficulties, equivalent linearization techniques are very powerful methods in the range of admissible error, since the results of random vibration theory in linear structures can be available6).
In this paper, two equivalent linearization techniques were used to find the general properties of earthquake response of nonlinear hysteretic structures. By using these two methods, not only the stationary response but also the nonstationary response of structures with hysteresis were predicted. Moreover numerical simulations were performed on a digital computer to seek for the applicability of the equivalent linearization techniques used herein.
EQUIVALENT LINEARIZATION TECHNIQUES
To make theoretical discussions about the earthquake response characteristics of nonlinear hysteretic structures more general, a dimensionless representation of the equation of motion was tried in the previous paper7), which leads to the following equation of motion of a single-degree-of-freedom structure with viscous damping and with any type of nonlinear hysteretic characteristics: ( 1 ) where ƒÊ( 
Concerning the techniques to determine ƒÀeq and both in sinusoidal and in random vibration, discussions have been made in the previous pa.-per8). After a further investigation of these techniques, an interesting result about them has been found. In connection with it, the following discussions shall be made as to two typical linearization techniques; one is the least mean-square error method first developed by T. K. Caughey9), and the other is what we may call the energy balance method first proposed by L. S. Jacobsen10). These two methods have been discussed separately and their relation with each other has never been investigated.
However, we shall see in the following sections that they are closely correlated to each other.
( 1 ) The Least Mean-Square Error Method
In this method, the two equivalent linearization parameters Peg and weg are determined so as to minimize the mean-square error between Eqs. (1) and (2) . The mean-square error in one cycle (7, can be written as follows:
Now, let us minimize Neq, weq) with respect to ( 4 ) 
By substituting Eq. (5) to Eq. (4), we obtain ( 6 ) ( 2 ) Energy Balance Method
In this method, the equivalent damping coefficient is determined so as to equate the energy dissipation by the hysteretic structure to that of the linear structure;
i.e.,
The equivalent natural frequency can be determined independently by various methods. But it seems to be reasonable to obtain it as the resonance frequency of structures with hysteresis.
In the previous study8), the resonance curve was obtained as ( 8 ) where ( 9 ) ( 13 ) in which the peak amplitude distribution has been obtained by S. O. Rice12) as ( 14 )
In the case of nonstationary random response, the 
STATIONARY RESPONSE ( 1 ) Iterative Method
In this chapter, we will investigate the stationary response of structures with hysteresis subjected to stationary random excitation rsf(t) both by analytical and by experimental methods.
In the previous chapter, equivalent linearization parameters have been determined analytically as a function of the r.m.s. response. But the stationary r.m.s. response itself is still unknown. From the experimental methods such as numerical simulations on digital or analog computers, we would be able to obtain it. However, analytical methods to predict the response of nonlinear structures are considered to be much more important in order to make theoretical discussions about the random response of these structures.
It is also desirable in earthquake response analysis to consider the frequency characteristics of the excitation.
In this study, therefore, we take as the stationary excitation f(t) of which power spectrum shall be represented in the following form analogous to the receptance of the relative velocity of a simple structure: 
NONSTATIONARY RESPONSE ( 1 )
Step-by-Step Method In the previous chapter, the equivalent linear structures and their response in the stationary state were investigated.
It is, however, very important in the reliability analysis of structures in strong earthquakes to investigate the nonstationarity of response of structures with hysteresis for the following reasons.
1) The strength of earthquake motions varies with time. This time variation seems to depend on the location of the observation site relative to the hypocenter and on the pass characteristics, etc. 2) Even we might simply assume that the earthquake excitation is stationary, structures in earthquakes start to vibrate from the static state.
In this section, we shall discuss the step-by-step method13), 15) to obtain the variances of displacement and velocity response, and the correlation coefficient between them at each step of time.
Under the initial conditions that ( 19 ) the solution of Eq. (2) is obtained by the summation of the free vibration due to initial condition and the forced vibration due to excitation as follows : ( 20 ) where ( 21 Fig. 7 (a) values obtained through the step-by-step linearization technique in the previous section, a numerical simulation of the nonstationary mean-square response has been carried out on a digital computer.
Earthquake-type nonstationary random excitations were generated as the product of the nonstationary deterministic shape function shown in Fig . 6 (a) and the stationary random process used in the previous chapter.
The sample size for each parameter was taken as 50. The mean- The numerical computation in this study was made on the digital computer FACOM 230-60 of the Data Processing Center, Kyoto University.
